Objective: Iliocaval obstruction is associated with venous hypertension symptoms and may predispose to deep venous thrombosis (DVT). Ultrasonography may fail to achieve noninvasive diagnosis of these obstructions. The possibility of using Computed Tomography Venography (CTV) for these diagnoses is under investigation. Methods: Patients with CVI graded at CEAP clinical classes 3 to 6 and previous treatment failure underwent evaluation with CTV. Percentage obstruction was rated by two independent examiners. Obstruction prevalence and its associations with risk factors and CEAP classification were analyzed. Results: A total of 112 limbs were prospectively evaluated. Mean patient age was 55.8 years and 75.4% were women. Obstructions involved the left lower limb in 71.8% of cases and 35.8% of patients reported a medical history of deep venous thrombosis. Overall, 57.1% of imaging studies demonstrated venous obstruction of at least 50% and 10.7% showed obstruction of >80%. The only risk factor that was found to be independently associated with a significantly higher incidence of >50% venous obstruction was a medical history of DVT (p=0.035) (Fisher' s exact test). There was a positive relationship between clinical classification (CEAP) and degree of venous obstruction in the limbs studied (Chi-square test for linear trend; p=0.011). Conclusion: Patients with advanced CVI are often affected by obstructions in the iliocaval venous territory and CTV is able to diagnose the degree of obstruction. There is a positive association between degree of obstruction and both previous history of DVT and severity of symptoms of CVI.
INTRODUCTION
Chronic venous insufficiency (CVI) is the most common cause of vascular symptoms that affect the lower limbs. 1 The importance of venous obstruction in the iliocaval territory to the etiology of these symptoms has been more clearly explained fairly recently, [2] [3] [4] but the prevalence of these obstructions among symptomatic patients is still not yet wellestablished and appears to be underestimated. 2, 5 Endovascular techniques developed to treat these obstructions have produced good clinical results, opening up new prospects for relief of CVI patients' symptoms. 3, [6] [7] [8] The primary objective of supplementary methods for assessment of CVI is to confirm etiology, in addition to locating sites and characteristics of anatomic abnormalities, thereby enabling better treatment planning. Currently, one of the most important questions to answer is which screening method is best for identifying venous obstruction in the iliocaval territory.
Studies have been conducted recently that demonstrate the possibility of using CTV to diagnose venous obstructions in the iliocaval territory.
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However, no studies exist that have conclusively demonstrated the method's capacity to correlate degree of obstruction with severity of symptoms.
OBJECTIVES
To evaluate the prevalence of venous obstruction in the iliocaval territory using CTV of the abdomen and pelvis, in patients with advanced CVI. To analyze the possibility of a correlation between degree of venous obstruction in this territory and severity of clinical manifestations, represented by the parameter CEAP classification.
MATERIALS AND METHODS
The inclusion criterion was presence of CVI with a CEAP classification of C3 to C6. Patients who met this criterion were recruited at an endovascular interventions clinic run by the Instituto Dante Pazzanese de Cardiologia (IDPC), in São Paulo, Brazil. The study protocol was approved in advance by the IDPC Research Ethics Committee (CEP: 4101/2012).
Exclusion criteria were as follows: patients less than 18 years old; history of allergy to iodinated contrast; peripheral arterial occlusive disease; chronic renal failure; morbid obesity (BMI > 40 kg/m 2 ); suspected or confirmed pregnancy; and pelvic or abdominal aneurysms.
After signature of free and informed consent forms, data was collected on demographic variables (age; sex; comorbidities; history of deep venous thrombosis [DVT] , body mass index, parity, use of oral contraceptive or hormone therapy) and degree of clinical severity (CEAP C 3 -6) for each patient. If patients had bilateral disease, then each limb was considered separately in the final statistical analysis.
Patients were examined with CTV using a 64-channel Toshiba Aquilion  CT scanner. Axial slices were acquired of the proximal lower limbs, the pelvis and the abdomen after administration of 80-120 mL (1-1.5mL/Kg) of Ultra Vist 370 iodinated contrast at a velocity of 3 mL/s. The Venous phase was conducted 150 seconds after administration of the contrast. The method employed is similar to that proposed by Marston, 9 but with a reduced volume of contrast, because the contrast employed had a higher iodine concentration and the scans were conducted with a higher capacity for acquisition and resolution of images.
Images were analyzed using PACS  11.0 or OsirixMD  3.9.4 software. Analysis of the presence of obstructions in iliac veins and cava and of the arteriovenous relationships was conducted using axial, sagittal and coronal slices and also multiplanar reconstructions (MPR). Oblique reconstructions were also used because the arteriovenous relationship in the iliac territory does not occur in a plane that is orthogonal to the direction of tomographic scanning.
The percentage reduction in caliber of the vessel under analysis was calculated as the ratio between the smallest diameter at the point of greatest obstruction and the diameter of the common iliac vein close above the confluence of the ipsilateral internal and external branches. In cases in which the entire length of the iliac vein was involved, the ratio was calculated using the diameter of the contralateral iliac vein. These measurements were taken for the purposes of assessment of the stenosis site and were not compared with each other.
In the event of obstruction of the vena cava, the proportion of obstruction was calculated by taking the ratio between the smallest diameter at the point of greatest obstruction and the diameter measured close below the renal vein.
Obstructions were classified into three categories: Group I: 0 to 49%; Group II: 50 to 79%, or Group III: ≥ 80%. Therefore, group III contained any cases in which total occlusion of the vessel was observed (100% obstruction).
All images were assessed by two independent examiners who were blind to the severity of symptoms. In the event of discrepancies in measurements or in the final classification, a third examiner observed the images and defined the final classification category.
Parametric variables observed that were of a qualitative nature were described using frequency statistics (absolute and relative). Quantitative and ordinal measures were described using the summary statistics mean, median, standard deviation (SD), 25th percentile (Per 25) and 75th percentile (Per 75), and minimum (Min) and maximum values (Max).
We used the Fisher's exact test to identify associations between greater than 50% obstruction and qualitative demographic variables. Ordinal demographic variables and the CEAP clinical classification data were compared between obstruction categories using the nonparametric Kruskal-Wallis test and the chi-square test for linear trend.
The Kappa statistic (a measure of interobserver agreement) was used to describe the degree of agreement between the two initial examiners with relation to the category of obstruction observed on angiotomography.
The significance level adopted for tests was 5%, i.e. we considered differences to be statistically significant when the descriptive level of tests (p value) was lower than 0.05.
Data were analyzed using the program SPSS 18.0.
RESULTS
A total of 57 patients followed the study protocol between March and November of 2012. Table 1 summarizes their demographic data and risk factors for CVI. The only risk factor that exhibited a positive association with obstruction > 50% was prior history of DVT (p=0.015).
A total of 112 limbs with symptoms of chronic venous insufficiency were assessed. Thirty limbs (26.8%) exhibited clinical signs and symptoms compatible with a CEAP classification of C3; while 32 (28.6%) were compatible with CEAP C4; 24 (21.4%) with CEAP C5; and 26 (23.2%) with CEAP C6 (Figure 1) .
Venous obstructions observed in the iliocaval venous territory were classified according to the degree of obstruction and by degree of agreement between independent examiners. Forty-eight (42.9%) of the limbs had obstruction of less than 50%; 52 (46.4%) had obstruction ranging from 50 to 79%, and 12 (10.7%) limbs exhibited obstruction greater than 80% (Figure 2 ). The examiners agreed on the obstruction categories assigned to 88 limbs (78.6%; KAPPA: 0.78; p=0.0032). There was a higher prevalence of obstructions > 50% in left lower limbs (71.8%). The initial portion of the left iliac vein (May-Thurner Syndrome) was the most common site of involvement (71.6%), followed by the left common iliac (15.2%), the right common iliac (9%), the left external iliac (3.2%) and the vena cava (1.0%).
A positive association was observed between clinical classification (CEAP) and degree of venous obstruction in the limbs analyzed (p=0.011 according to the chi-square test for linear trend; Table 2 ).
DISCUSSION
14 The anatomic variant was not described until 1908, when McMurrich did so, believing the phenomenon to be congenital adhesions in the interior of the iliac vein. 15 In our setting, di Dio, an important Brazilian anatomist, conducted similar work and reported similar results. 16 However, it was May and Thurner, in 1957, 17 and Cockett, in 1965, 18 who described "spurs" in the interior of the iliac vein, resulting from chronic compression of the vein between the right iliac artery and the spinal column. May and Thurner identified this compression in 22 to 32% of the cadavers they examined. 17 Diagnosis of the syndrome is founded on observation of pain, edema or more advanced signs and symptoms of CVI, associated with radiological evidence of vein compression. The diagnostic methods considered the gold standards for identification of these obstructions are phlebography and intravascular ultrasonography, but these are invasive methods and as such are unsuitable for screening or for deciding the best treatment approach for the disease.
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Less invasive methods such as transabdominal u l t r a s o n o g r a p h y 2 0 a n d c o l o r D o p p l e r ultrasonography 21-23 may fail to identify both direct and indirect signs of obstruction, because of the deep position of the iliocaval vessels in the pelvis. As a result, angiotomography is under investigation as an important tool for diagnosis of, and screening for, venous obstructions in this territory. [9] [10] [11] [12] [13] 24 Kibbe et al. used CTV to determine the prevalence of compression of the left iliac vein in asymptomatic patients. They found that two thirds of the patients they studied had at least 25% of obstruction and that 24% exhibited obstruction greater than 50%. They concluded that venous compression may be a common anatomic finding in asymptomatic patients and that this compression can be detected using Angiotomography. 10 We were unable to identify studies in the literature that determined the incidence of these obstructions in symptomatic patients exclusively using Angiotomography. Wolpert et al. employed Magnetic Resonance Angiography, observing that 37% of a sample of 24 patients with edema of the left lower limb had venous compression. 25 Marston et al. determined the incidence of iliocaval obstruction in patients with active or healed ulcers (CEAP 5.6). Sixty-four limbs were studied, 62 using Angiotomography and two using Magnetic Resonance Angiography, and the authors observed that there was at least 50% obstruction in 37% of cases and greater than 80% obstruction in 23% of the sample. They identified female sex, history of DVT and reflux in the deep vein system as factors that were predictive of obstruction. Marston et al. concluded that venous obstruction is often present in patients with venous hypertension and varicose ulcers. 9 Oguzkurt et al. conducted a retrospective study in which they found that 68% of a sample of 34 patients with DVT had greater than 70% compression.
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Our sample was composed exclusively of symptomatic patients with severe CVI (CEAP 3-6) and we found that more than half of the limbs examined (57.1%) exhibited angiotomographic signs suggestive of greater than 50% venous obstruction, demonstrating that prevalence is elevated and also showing the importance of the method for diagnosing this condition in symptomatic patients. Our incidence was higher than the rate observed by Martson et al., 9 since they observed greater than 50% obstruction in 37% of the limbs they analyzed. This difference may be the result of certain differences between the two studies. We employed contrast with a higher iodine concentration and tomography with a greater capacity for acquisition and resolution of images, which may have made it possible to identify lesions that would not have been detected using less powerful equipment. In our study, 40 (35.8%) of the limbs analyzed belonged to patients with a prior history of deep venous thrombosis, which could have contributed to the elevated prevalence of obstruction that was observed. Oguzkurt et al. 20 observed that two thirds of patients with prior history of DVT exhibited > 70% venous obstruction. Raju et al. also studied patients with severe CVI, using the intravascular ultrasonography method that is currently considered the gold standard, and found that 53% of the patients studied had greater than 50% obstruction. 4 We also observed a positive relationship between severity of symptoms and degree of venous obstruction (p=0.038). These data suggest that venous obstruction in patients with CVI could be an important marker of severity and worse prognosis and confirm results reported in studies published by Raju and Neglen. 3, 4, 7 Despite the paucity and lack of hemodynamic studies to determine the degree of obstruction necessary to cause exacerbation of symptoms, by convention, endovascular treatment is prescribed for symptomatic patients with obstructions greater than 50%. 7 Implementation of a method that makes it possible to identify the presence of severe obstruction in a less invasive manner than the current gold standard (phlebography and intravascular ultrasonography) could lead to reductions in both the costs and the risks related to screening and treatment of this group of patients.
Another possible advantage of employing CTV is related to the ability it offers to evaluate not only the degree of obstruction, but also its location, extension and mechanism. In common with other studies, we observed that obstruction does not always occur at the point that the right iliac artery and the left iliac vein cross, because it is not always the case that this is the site of the greatest contact. Additionally, it should also be pointed out that other organs and structures can compress parts of the venous system. There was one case in our sample of compression of the vena cava by a retroperitoneal tumor mass, the etiology of which is currently under investigation. 4, 11, 26 When cases can be evaluated in advance in this manner, it enables better planning of the tactics and techniques that will be used when treatment is administered.
Our study suffers from certain limitations. First, despite the fact that the angiotomography method employed included control of volume and velocity of contrast infusion, the objective of filling the iliocaval venous territory was not always achieved. This, in turn, limited three-dimensional reconstruction, which would have offered greater accuracy for determination of degree of obstruction, since we are well aware of the tortuosity of the pelvic vessels. We were unaware of the volemic status of the patients who took part in the study, which could have led to overestimation of the degree of obstruction in dehydrated patients. Additionally, the sample of patients described here represent our team's initial experience with assessment of pelvic venous obstructions using angiotomography, which could have been manifest in difficulties with, and failures of, interpretation of the images. This situation may also be demonstrated by the failure of the two observers to agree on obstruction category in 20% of cases. Another limiting factor in this analysis is that angiotomography is incapable of identifying membranes, spurs and other chronic abnormalities that could be present in CVI patients. We should also bear in mind that the method used here has never been validated by means of comparison with intravascular ultrasonography, currently considered the gold standard, which is evidence of a failure to validate the method recently. Finally, we must point out that a high load of radiation is released during angiotomography and therefore the method should only be employed with patients with advanced CVI and those with relation to whom there is a high degree of suspicion of obstruction on the basis of clinical history and the results of other less invasive methods, such as Doppler ultrasonography.
We conclude that CTV identified a high prevalence of venous obstruction in the iliocaval territory of patients with advanced forms of chronic venous insufficiency. The obstruction is not always located in the initial segment of the left common iliac vein (as in May-Thurner-Cockett syndrome). Severity of symptoms (CEAP) and history of DVT both had positive associations with the degree of obstruction in this territory.
